1
H 300 MHz, 13 C 75. 4 MHz, for the isolated azanyl ester derivative; 1 H 500 MHz for the reaction of the ether-diamine in model bleach).
General Instrument Operation for ether-diamine quantification
A liquid chromatography-electrospray ionization-tandem mass spectrometry method was developed for the determination of the etherdiamine. A Waters (CA, USA) Acquity UPLC was used for the isocratic separation of the analyte. Chromatographic separation was performed using a Waters Atlantis T3 3µm, 3.0x150 mm column. The injection volume was 5 µL. The autosampler and the column oven were kept at room temperature. Mobile phase A was Water containing 0.1% of trifluororacetic acid (TFA) and mobile phase B was acetonitrile containing 0.1% of TFA. Elution was isocratic 80% A and 20% B over the total run time of 4 minutes. The flow rate was 0.50 ml/min. A ratio of 95:5 water/MeOH was used as weak wash and 5:95 as strong wash.
Target analyte was detected and quantified by a Waters Acquity TQ detector, that was set to acquire in Multiple Reaction Monitoring (MRM) mode with a dwell time of 300 msec. The electro spray ionization source was operated in the positive mode. The analyte was detected in its protonated form MassLynx v4.1 software (Waters) was used for acquisition and processing of the LC-MS/MS data. The HPLC/SRM peaks for the ether-diamine (primary and confirmatory) are integrated and evaluated against the calibration curve. Calibration curves were prepared from a minimum of 6 different dilutions. A 1/X-weighted linear regression analysis for the primary transition was performed for the observed peaks as a function of analyte concentration. The concentration of each analyte in the calibration standards, QC samples, and samples is then back-calculated using the generated calibration curve. The peak areas of the primary and the confirmatory transition were tabulated for the standards and samples. Confirmatory ratio (P/C) was calculated by the ratio of the area of the primary (P) and the confirmatory (C) transitions. ether-diamine quantification was verified, being the P/C ratio of a sample within ±5% of the mean P/C ratio of the associated calibration curve.
Experimental details for the quantification of ether-diamine in Olaplex
Two stock solutions of ether-diamine were prepared in water containing 0.1% of TFA. Stock solution 1 (1006.9 ng/mL) was used to prepare a 7 points calibration curve, as described in table S1: Stock Solution 2 (1026.2 ng/mL) was used to prepare three quality controls, as described in Table S2 : In the end, to 1 mL solution of each analyte were added 200 µL of acetonitrile 0.1% TFA, in order to improve the chromatographic performance of the method. This last dilution is neglected in the calculations, since it has been applied to all measured analytes.
Quantification of standards, quality controls, spiking solutions and samples were performed as described above. The ether-diamine content in Olaplex resulted in 9.15±0.04%. The recovery, expressed as the ratio between the ether-diamine measured and the etherdiamine actually present in the spiking solutions (ether-diamine in Olaplex + spiked ether-diamine) in percent was 94.8±0.01%. The relative accuracy for the three quality controls was between 100.0-106.5%. The correlation coefficient for the calibration curve linear regression r 2 was 0.999.
Experimental details for the stability study of the ether-diamine contained in Olaplex in a model bleach
One stock solution of ether-diamine was prepared in water 0.1% TFA (1087.9 ng/mL), from which a 6 points calibration curve (108.8 -544.0 ng/mL) was prepared, in a similar way as already described in Table S1 . The stability test was conducted in a model bleach, prepared as described in Table S3 . 5.000 mL of a solution of (NH4)2S2O8 and ammonium hydroxide in water (Solution A) were added to 5 Erlenmeyer flasks (one for each time point: 0, 10, 20, 30 and 40 min), followed by 1.267 mL of H2O2. Each flask was capped and put on a multiple hotplate stirrer, set at room temperature and at a rotation speed of 500 rpm. It is important to conduct the experiment using different flasks in order to avoid ammonia evaporation, that would occur through repeated opening of a single flask, needed to withdraw aliquots of the reaction mixture.
For the time point 0 min, 5.000 mL of water 0.1% TFA were added to the mixture of Solution A and H2O2 under stirring, followed by 0.365 mL of Olaplex. The resulting solution was diluted 1:10000 in water 0.1% TFA. For time points 10, 20, 30 and 40 min, 0.365 mL of Olaplex were added to the mixture of Solution A and H2O2 under stirring. After the appropriate time 5.000 mL of water 0.1% TFA were added to the reaction mixture and the resulting solutions were diluted 1:10000 in water 0.1% TFA.
In the end, to 1 mL solution of each analyte were added 200µL of acetonitrile 0.1% TFA, in order to improve the chromatographic performance of the method. This last dilution is neglected in the calculations, since it was applied to all measured analytes.
The time point 0 min was used to evaluate the recovery of the analytical method, when applied to the reaction mixture. The calculated content of ether-diamine in the measured solution at 0 min is 302.06 ng/mL, considering 9.15% of ether-diamine in Olaplex. The measured amount of ether-diamine at 0 min was 294.8 ng/mL, thus resulting in a recovery of 97.6%. The correlation coefficient for the calibration curve linear regression r 2 was 0.998. Measured concentration of ether-diamine for the other time points, also depicted in Figure 5 of the manuscript, are described in the Table S4 : 
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Experimental details for the stability study of ether-diamine contained in Olaplex in a commercial bleach (Blondor+Welloxon)
One stock solution of ether-diamine was prepared in water 0.1% TFA (1087.9 ng/mL), from which a 6 points calibration curve (108.8 -544.0 ng/mL) was prepared, in a similar way as already described in Table S1 .
The stability test was conducted according to the usage conditions of OLAPLEX Bond Multiplier Nº 1.
[1]
The content of ether-diamine was analyzed at 0 and 40 minutes in duplicate. An accurately weighted amount of Blondor and Welloxon (see Table S5 ), were put into an hairdresser´s bowl and vigorously mixed with an hairdresser´s brush until homogeneity. A volume of ca. 3.75 mL of Olaplex was then added to the bowl and the weight accurately noted. The mixture was again vigorously mixed until homogeneity and a stopwatch was started at this point to count 40 min. For time point 0 min, a volume of ca. 3 mL was withdrawn from the bowl, using a 5 mL syringe. From this aliquot ca. 1 g is transferred to a 50 mL falcon tube and the exact weight noted. Since the mixture tends to capture humidity and swell, the syringe was immediately capped and stored at room temperature and the remaining content used later for the 40 min analysis. Subsequently, 10.0 mL of water were added to the falcon tube and vortexed for 1 min. Then ca. 0.250 mL of the mixture was filtered through a 37 mm acrodisc syringe filter with 1 µm glass fiber media (Pall Corporation). The filtered solution was then diluted 1:1000 in water 0.1% TFA and used for analysis. When the stopwatch counted 40 min, ca. 1 g of the previously stored mixture was transferred to a falcon tube and the sample processed in the same way described previously for time 0 min.
Prior to analysis, to 1 mL solution of each analyte were added 200µL of acetonitrile 0.1% TFA, in order to improve the chromatographic performance of the method. This last dilution is neglected in the calculations, since it has been applied to all measured analytes. The amount of ether-diamine contained in the mixture of OLAPLEX Bond Multiplier Nº 1, Blondor and Welloxon was calculated as described in the Table S5 , and then used to calculate the theoretical concentration of ether-diamine in the measured solution.
The ether-diamine degradation over 40 minutes was evaluated by calculating the difference in the concentrations measured at 0 and 40 min, normalized for the weight of the mixture transferred in the falcon tube and expressed as percent of measured ether-diamine at 0 minute:
Where:
Experiment 1: 
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The two time points 0 min were used to evaluate recovery, that was calculated by comparing the measured ether-diamine at time 0 and the calculated theoretical concentration of ether-diamine (Table S5) 
Instrument operation and experimental details for the semi-quantitative analysis of the azanyl ester derivative
A liquid chromatography-electrospray ionization-tandem Mass Spectrometry method was developed for the determination of the azanyl ester derivative. A Shimadzu Nexera X2 ultra high performance chromatograph (Shimadzu Corp., Kyoto, Japan) that was equipped with two LC-30AD pumps, DGU-20A5r degasser, SIL-30AC autosampler and CTO-30A column oven was used for the gradient separation of the analyte. Chromatographic separation was performed using a Waters Acquity UPLC BEH C18, 1.7 µm, 2.1x150 mm column. The injection volume was 1 µL. The autosampler was kept at 15 ºC and the column oven at 40 ºC. Mobile phase A was water containing 20 mM of ammonium formate and mobile phase B was pure acetonitrile. Elution was isocratic 35% B until 1. The Analyst 1.6.3 software (Sierra Analytics, CA, USA) was used for the acquisition and the processing of the LC-MS/MS data. The HPLC/SRM peaks for the ether-diamine (primary and confirmatory) was integrated and the peak areas plotted against time. No difference between the profile of the primary and the confirmatory channel was observed.
The experiment was conducted in a model bleach, prepared as described in the following table: First, 5.000 mL of a solution of (NH4)2S2O8 and ammonium hydroxide in water (Solution A) were added to 5 Erlenmeyer flasks (one for each time point: 0, 10, 20, 30 and 40 min), followed by 1.267 mL of H2O2. Each flask was capped and put on a multiple hotplate stirrer, set at room temperature and at a rotation speed of 500 rpm.
For the time point 0 min, 5.000 mL of water 0.1% formic acid (FA) were added to the mixture of Solution A and H2O2 under stirring, followed by 0.035 mL of ether-diamine. The resulting solution was diluted 1:1000 in water 0.1% FA. For time points 10, 20, 30 and 40 min, 0.035 mL of ether-diamine were added to the mixture of Solution A and H2O2 under stirring. After the appropriate time 5.000 mL of water 0.1% FA were added to the reaction mixture and the resulting solutions were diluted 1:1000 in water 0.1% FA. In the end, to 1 mL solution of each analyte were added 200µL of acetonitrile, in order to improve the chromatographic performance of the method.
Instrument operation and experimental details for the collection of the mass spectrum of the azanyl ester derivative A liquid chromatography-electrospray ionization-tandem mass spectrometry method was developed for the determination of the etherdiamine. A Shimadzu Nexera X2 ultra high performance chromatograph equipped as already described above was used for the gradient separation of the analyte. Chromatographic separation was performed using a Waters Acquity UPLC BEH C18, 1.7 µm, 2.1x100 mm column. The injection volume was 2 µL. The autosampler was kept at 15 ºC and the column oven at 40 ºC. Mobile phase A was water containing 20 mM of ammonium formate and mobile phase B was pure acetonitrile. Elution was isocratic 35% B until 1.2 min, followed by a linear gradient to 95% B at 1.5 min, kept until 3.5 min and then back to 35% B in 0.5 min. Between 4.0 and 5.0 min, 35% B was kept for equilibration. The flow rate was 0.25 mL/min until 1.2 min, after which a linear flow gradient was performed to speed up the column flush and equilibration. The flow rate was increased to 0.50 mL/min at 1.5 min and kept steady for 2.9 min. The flow rate was returned to 0.25 mL/min in 0.10 min and kept steady until 5.0 min. water/MeOH (50:50) was used as needle wash and as pump seal wash. The needle wash was performed before and after aspiration (500 µL). The sample analyzed was prepared exactly as described in the semi-quantitative analysis of the azanyl ester derivative for the 40 min time point.
Instrument operations and experimental details for the isolation of in-situ generated azanyl ester derivative.
A PrepStar SD-1 (Agilent, California, USA) system, equipped with 2X200 mL pump heads, ProStar 325 UV-Vis Detector (Agilent) with high pressure flow cell 4-0.15 mm and a fraction collector FC 204 (Gilson, Wisconsin, USA) was used for the purification of the molecule of interest. Chromatographic separation was performed using a Machery-Nagel (Düren, Germany) NUCLEODUR ® VarioPrep, 5µm, 32x250 mm column. The injection volume was 2 mL. Mobile phase A was water containing 0.05% FA and mobile phase B was pure acetonitrile. A linear gradient was applied between time 0.0 and 23.0 min, going from 2% to 35% B, followed by 2 min equilibration at 2% B. The flow rate was 72 mL/min. UV wavelength was 210 nm. The column was kept to room temperature.
To a 5.000 mL aliquot of Solution A, prepared as described in Table S6 , were added 1.267 mL of H2O2 50%, followed by 0.350 mL of ether-diamine. The reaction mixture was neutralized to pH 4-5 after 2.5h by adding 0.60 mL of FA. The neutralized reaction mixture was filtered through a filter plug (Macherey-Nagel, PA-45/25, 0.45µm) prior to injection and the azanyl ester derivative isolated by preparative HPLC. The collected fraction were concentrated using a rotary evaporator. The final product appeared as a yellow oil.
Experimental details for
1 H-NMR analysis of ether-diamine reactivity in a model bleach.
The molar ratio of the different components in the control solution and in the model bleach reaction have been presented in Table 1 of the manuscript. Control solution was prepared by mixing 44.3 mL of deuterated water, 7.51 mL of 25% ammonia solution and 3.62 mL of ether-diamine. An aliquot of this solution was transferred to a NMR tube and analyzed. For the reaction in a model bleach, 28 mL of D2O were added to a beaker, followed by 7.51 mL of 25% ammonia solution and (NH4)2S2O8 under stirring. After all the solid was dissolved in solution, 16.2 mL of H2O2 30% and 3.62 mL of ether-diamine were added. After 1-2 minutes slight gas generation and a light brown coloration were observed. Aliquots from the reaction mixture were transferred to an NMR tube at time 0, 1, 12, 48 and 144 h and the spectrum recorded.
Computational details
All DFT calculation were performed using the Gaussian16 package [2] available at the Marconi HPC cluster of Cineca. Molecular geometries of reactants, products as well as of the transition state (TS) were optimized employing the B3LYP exchange and correlation functional [3] and the 6-311++G(d,p) basis set. Solvent (water) and dispersion effects were taken into account through the Integral Equation Formalism of the Polarizable Continuum Model (PCM) [4] and the GD3BJ model [5] respectively. Harmonic vibrational frequency calculations were performed to verify that the optimized structures were minima (geometries with all positive frequencies) or TS (a geometry with just one negative frequency) and to evaluate the Gibbs free energy. The intrinsic reaction coordinate procedure (IRC) [6] starting from the TS structure was applied to confirm that the reactant and product structures were connected through the TS by the forward and reverse reactions.
